ommendations to the inpatient care team and to patients' community physicians. For patients in the enhanced-intervention group, the PCM developed a discharge care plan containing the patient's discharge medication list. PCMs made specific recommendations to optimize regimens that did not meet current guidelines or medications that were underutilized. Medication underutilization was assessed at admission, discharge, 30 days after discharge, and 90 days after discharge. Results. A total of 732 patients were enrolled in this study. There were no significant differences among the three study groups. Overall, the rate of underutilization remained constant among all three groups, despite enhanced pharmacist involvement in both intervention groups.
Conclusion. Enhanced interventions by
PCMs had no effect on the underutilization of key cardiovascular drugs during hospitalization or after hospital discharge. Am J Health-Syst Pharm. 2013; 70:1592-600 C ardiovascular disease is a major cause of morbidity and mortality. Despite the existence of effective medications to help modify disease progression and symptoms, key therapies are often underutilized. 1 For example, more than 40% of patients with hypertension do not receive appropriate treatment, and over two thirds of Americans (approximately 39 million patients) with hypertension are not treated within guideline goals. 2, 3 Evidence-based practice guidelines are frequently implemented incompletely, resulting in suboptimal drug regimens for many patients.
Prospective payment for inpatient admissions may promote a focus on the primary admission issue, leaving other chronic medical problems unresolved. Patients are frequently discharged from the hospital without fully addressing some of their ongoing conditions. 4 The Patient Protection and Affordable Care Act provides incentives for health care systems to create new care models that improve outcomes and minimize readmissions. 5 The Joint Commission, the National Quality Forum, and the Centers for Medicare and Medicaid Services have launched quality-improvement ini-tiatives to promote multidisciplinary care models focused on reducing readmissions. 6 A systematic review of 36 studies involving pharmacistprovided care to hospital inpatients found a positive impact on a number of process and outcome measures. 7 However, of the 6 studies that examined readmissions, only 1 associated reduced readmissions with pharmacist interventions. The results of a recent study indicated that a pharmacy intervention did not significantly reduce medication errors or adverse drug events (ADEs). 8 Although including pharmacists on inpatient care teams is now common, their role in reducing readmissions remains unclear. 9, 10 Many factors are beyond the control of hospital physicians or pharmacists once a patient is discharged, including suboptimal treatment by the primary care provider in the community and patient nonadherence. The recent Pharmacy Forecast 2013-2017 identified several practice model and work-force issues that directly affect the underutilization of medications. 11 Two key forecasts were that health-system pharmacists would interact with providers outside the hospital and that these pharmacists would be responsible for directly managing drug therapy.
The Iowa Continuity of Care (ICOC) study was a randomized trial to determine the effects of hospital pharmacists' enhanced communication with patients and community providers. 12 A main goal of the study was to determine if better communication with community physicians and community pharmacists can reduce the underutilization of needed cardiovascular medications. Patients were enrolled in the trial through June 2012. In the ICOC study, medical records were obtained from private physicians, followed by an extensive evaluation of case abstracts and adjudication of events. The main results of the ICOC study will not be available until 2014.
During the first planned interim analyses provided to the external data and safety monitoring board meeting required by the National Institutes of Health, it was revealed that enhanced interventions by pharmacy case managers (PCMs) had no apparent effect on the primary outcome for the study, including readmissions. 13 Furthermore, fewer than half of the PCMs' recommendations were being accepted by inpatient physicians. 13 These findings led us to explore whether community physicians were making changes to optimize cardiovascular therapies based on recommendations made by the PCMs. Because health systems will increasingly be financially penalized for readmissions, we felt that these findings deserved more-rapid dissemination, rather than waiting until all of the study results are known.
The objective of the current substudy was to evaluate the underutilization of cardiovascular medications during hospitalization and after discharge. We theorized that underutilization at 30 and 90 days would be reduced in the enhancedintervention group compared with the minimal-intervention and control groups.
Methods
This study was conducted at the University of Iowa Hospitals and Clinics (UIHC), a large, tertiary care, academic medical center. The background and methods of this study have been published elsewhere. 12 Other data on the acceptance of inpatient recommendations have also been published. 13 The study was approved by the University of Iowa's institutional review board for human subjects, and informed consent was obtained from all study participants.
Briefly, the primary purpose of the ICOC study was to improve communication among the UIHC physicians and pharmacists, community physicians, and community pharmacists.
A population-based approach was used so that the PCMs could oversee a large number of key inpatient services dispersed within UIHC. Therefore, the PCMs were centrally located within the cardiovascular risk service, which is within the research offices of the principal investigator in the College of Pharmacy and next door to the university hospital. One or two PCMs participated in the study at any given time, and four PCMs participated over the course of the current study. All PCMs had graduated from a doctor of pharmacy program and had completed at least one year of postgraduate pharmacy residency training accredited by the American Society of HealthSystem Pharmacists.
Inclusion and exclusion criteria. Eligible patients spoke English or Spanish, were 18 years of age or older, and were admitted to UIHC with a diagnosis of hypertension, hyperlipidemia, heart failure, coronary artery disease, myocardial infarction, stroke, transient ischemic attack, asthma, chronic obstructive pulmonary disease, or diabetes or were receiving oral anticoagulation. However, when the underutilization of cardiovascular medications was analyzed, eligible patients had to have a diagnosis of hypertension, hyperlipidemia, heart failure, coronary artery disease, or a combination of these diagnoses. Eligible patients also had to be admitted to the internal medicine, family medicine, cardiology, or orthopedics service and receive their usual medical care in the community and their prescriptions from a community pharmacy.
Patients were excluded from the study if they received their primary medical care from any UIHC facility with electronic medical records connected to the hospital or if they received long-term prescription medications from the UIHC outpatient pharmacies. Patients were also excluded if they did not have a working telephone, had a hearing impair-ment that did not allow them to use a telephone, had an estimated life expectancy of less than six months, had dementia or cognitive impairment, or had severe psychiatric or psychosocial disorders, including substance abuse, that could impair their desire or ability to complete all aspects of the study. Patients admitted to the psychiatric, surgery, or hematology/ oncology service were also excluded from the study.
Patient selection and randomization. Electronic medical records were reviewed daily by the research assistant for all new patients admitted to each of the four medical services included in the study (internal medicine, family medicine, cardiology, and orthopedics). The research assistant then approached patients in their hospital room to explain the study. Once patients provided informed consent, baseline data (i.e., demographic information, their main primary care provider, and all community pharmacies used for prescriptions) were collected in a blinded fashion. Patients were then asked if they used alcohol or smoked, who managed their medications, and to rate their own health status. Medication management skills were evaluated, including the ability to read a prescription label, remove two tablets from a 7-dr prescription vial, interpret directions, and differentiate tablet colors. 14 The study biostatistician created a blinded randomization scheme to stratify the medical services and minority versus nonminority patients. The randomization was developed using pseudorandom number generation via SAS statistical software (SAS Institute, Cary, NC) to ensure that the probabilities of assignment to each treatment group were equal. Patients were randomized equally to the enhanced-intervention group, minimal-intervention group, or control group.
Patients in the control group received usual care. Patients in this group did not receive medication education from the PCM but did receive a discharge medication list and oral information from a hospital unit nurse as per usual care in UIHC.
PCMs were not told whether the patient was in the minimal-or enhanced-intervention group in order to maintain blinding. PCMs performed comprehensive medication reconciliations and identified drugrelated problems within 24 hours of admission by collecting information from study patients, caregivers, the electronic medical record, and community pharmacy records. The PCMs evaluated the patient's problem list, laboratory test values, and progress notes to identify medication indications and contraindications for each medical problem. From these assessments, the PCMs made recommendations to the inpatient care team and, after discharge, to outpatient primary care physicians. These recommendations were designed to optimize therapy including addressing underutilized medications. An assessment of the pharmacotherapy regimen was prepared, and recommendations were made to inpatient physicians to promote compliance with current U.S. clinical practice guidelines and best practices. The process and outcomes of these inpatient recommendations were the subject of another substudy and are reported elsewhere. 13 The PCMs met with patients every one or two days (Monday through Friday) throughout the course of the admission to provide education on medication indications, therapy goals, adverse drug effects, adherence mechanisms, and self-monitoring measures.
On the day of discharge, the PCM provided education on the patient's discharge medications for both the minimal-and enhanced-intervention groups. The care plan addressed medication adherence issues, cost issues, anxiety about a new diagnosis, goals of therapy, plans for adjustment of the medication after discharge, and follow-up with the primary care physician. Patients in both groups also received a discharge medication list and a wallet card containing a list of all discharge medications. Next, the PCM contacted the project manager to determine the intervention group to which each patient had been assigned. Those randomized to the minimal-intervention group received no further contact or intervention from the PCM.
Enhanced intervention. For patients in the enhanced intervention group, the PCM developed a discharge care plan containing the patient's discharge medication list including the purpose of all medications, plans for drug dosage adjustment, duration of therapy, monitoring plan, recommendations for preventing ADEs, and anticipated timing of refills, where applicable. The care plan included important points from the education provided at discharge (e.g., medication adherence issues, cost issues, anxiety about new diagnosis, goals of therapy). If the PCM identified regimens that did not meet current guidelines or medications that were underutilized, specific recommendations for optimization of treatment were noted in the care plan. The discharge care plan was then faxed to the patient's community physician and community pharmacist.
Patients in the enhanced-intervention group also received a follow-up telephone call from the PCM three to five days after hospital discharge. The purposes of the call were to identify if the patient did not fill prescriptions for any of the discharge medications and the reasons for not filling them; evaluate any administration difficulties or problems taking discharge medications; assess the patient's understanding of each medication; inquire about specific ADEs since discharge; reinforce patient education on each medication's purpose, administration, and monitoring; en-courage the patient to follow up with his or her community physician; and encourage communication of ADEs or poor treatment response to the patient's community physician and community pharmacist. Any problems identified during the follow-up telephone call were communicated to the patient's community physician.
At 90 days after discharge, the research assistant obtained detailed medical records from community physicians and all community pharmacies used by the patient to evaluate changes in cardiovascular drug utilization for patients in all three groups. Two blinded clinical pharmacists assessed medication under- Blinded research nurse collects demographic data, questionnaires, and ADE survey from patient.
Minimal intervention (n = 245)
Usual care: unit pharmacist performs medication reconciliation.
PCM educates patient during hospitalization, provides discharge counseling and wallet card (with medication list), and suggests strategies to enhance self-management. PCM makes recommendations to inpatient medical team.
Usual care: unit nurse provides discharge summary, educates patient, and provides medication list.
DISCHARGE
PCM creates a discharge care plan and faxes it to community physician and community pharmacist.
PCM calls patient at 3-5 days to evaluate adherence and new ADEs and answer questions. Report is faxed to community physician and community pharmacist.
Usual structure/process Usual structure/process utilization at admission, discharge, 30 days after discharge, and 90 days after discharge. Possible medication omissions were assessed. The presence of a valid contraindication was not counted as underutilization. Utilization of evidence-based therapies was assessed for four cardiac diagnoses: coronary artery disease, heart failure, hypertension, and hyperlipidemia. The definitions of standard care were determined using widely accepted practice guidelines for each condition. 2, 3, 15, 16 Standard care included aspirin, b-blockers, and statins for coronary artery disease; angiotensin-convertingenzyme inhibitors or angiotensinreceptor blockers and b-blockers for heart failure; thiazide diuretics and appropriate combination therapy if blood pressure was not controlled for hypertension; and a statin and appropriate combination therapy as needed if lipids were not controlled in hyperlipidemia. 2, 3, 15, 16 Chi-square analysis was performed to compare the three study groups for each indication of interest. The number of patients with underutilized medications was analyzed at each time point. The absence or presence of underutilization was numerically coded as 0 and 1-3 (irrespective of severity). Categorical variables were compared with chi-square test results across the three study groups to identify differences in baseline characteristics. Ordinal variables were evaluated using analysis of variance. Bonferroni corrections were made for multiple comparisons. All analyses were performed using SPSS software (IBM Corporation, Somers, NY). The a priori level of significance was set at 0.05.
Results
The study population for this subanalysis included 732 patients (Figure 1) . The majority were white and female and had some type of insurance coverage (Table 1) . The patients had multiple chronic conditions, including hypertension (75.4%), hyperlipidemia (61.4%), coronary artery disease (33.6%), heart failure (28.3%), myocardial infarction (22.3%), and transient ischemic attack (9.9%). The demographic and clinical characteristics of patients did not significantly differ among the three study groups. Figure 2 displays the overall number of underutilized therapies for all patients in the three study groups. There were no significant differences among the three groups despite modest reductions in underutilization in all three groups over time (Table 2) .
Since there were no significant differences between the study groups, the data were combined to display the rates of underutilization for each drug class (Table 3) . Overall, the rate of underutilization remained constant among all three groups despite enhanced pharmacist involvement in both intervention groups.
Discussion
The results of this study revealed a high rate of underutilization of cardiovascular drugs among inpatients at UIHC and that a pharmacistbased intervention had no significant influence on reducing this problem. This study was unique in that we collected data from external hospitals, private physicians, and community pharmacies. A strength of this study was the use of blinded pharmacist evaluators who determined if a given patient should have received the medications prescribed.
We previously demonstrated that inpatient physicians often did not change therapy for chronic conditions after receiving recommendations to do so from PCMs. 13 However, our enhanced intervention did not appear to reduce suboptimal therapy after discharge. It is not known why these community physicians did not change therapy, since Am J Health-Syst Pharm-Vol 70 Sep 15, 2013 we previously found that community physicians accepted about 50% of the recommendations faxed by community pharmacists. 17, 18 Hospitalization provides an opportunity to evaluate and optimize therapy for patients with chronic diseases. However, we did not find a reduction in underutilization before discharge. Once discharged, it should not be assumed that the underutilization of medications will be appropriately addressed. One study found that inpatient physicians at a large, academic teaching hospital recommended only 28% of discharged patients for outpatient follow-up; over one third of the recommended follow-up visits were not completed. 4 If adjustments are not made during the inpatient stay, the primary care physician might interpret this as approval by specialists at the hospital of his or her patient care plan. This may partially explain the findings of our current study, even though the PCM faxed an updated care plan for patients in the enhanced-intervention group. We believe that these issues should ideally be addressed during hospitalization because they represent missed opportunities to intervene and improve chronic disease management.
A recent study evaluated medication errors and ADEs following a pharmacist intervention for 30 days after hospital discharge in 851 patients. 8 In that study, 432 (50.8%) had one or more clinically important medication errors; 22.9% of such errors were judged to be serious and 1.8% life-threatening. Actual and potential ADEs occurred in 30.3% and 29.7%, respectively. The pharmacist intervention did not significantly reduce medication errors (unadjusted incidence rate ratio, 0.92; 95% confidence interval [CI], 0.77-1.10) or ADEs (unadjusted incidence rate ratio, 1.09; 95% CI, 0.86-1.39), but Number of patients in whom underutilization was reported in at least one of nine evaluated condition-drug combinations/total patients evaluated with drug indication. there was a trend for fewer potential ADEs (unadjusted incidence rate ratio, 0.80; 95% CI, 0.61-1.04).
Pharmacists practicing in intensive care have been shown to reduce ADEs. 19 Preventable ADEs were decreased in one study by 66% (p < 0.001) when a pharmacist was added to the care team. 19 Physicians accepted 362 (99%) of the 366 recommendations made by the pharmacist.
Curry et al. 20 evaluated Medicare data from 11 U.S. hospitals ranking in the top or bottom 5% for mortality rates after acute myocardial infarction. Pharmacists in high-performing hospitals were described as being "closely integrated into care processes" and having "influenced clinical decisions." In low-performing hospitals, pharmacist roles were described as being "narrowly circumscribed" and having "limited participation in clinical decisions."
Our study had several limitations. The study was not preplanned, and an a priori power analysis and sample-size calculation were not performed. However, the means and percentages among groups were so similar that it is unlikely that differences would have been detected, even if there were several thousand patients in each group. The study was purposefully designed to add PCMs to usual pharmacy services in this hospital, in part because there were only two decentralized pharmacists on all nine medical services. In addition, at any given time, only one or two PCMs were involved with this study, so it was not possible for PCMs to assess patients in all of the critical services. Because this study deployed them across nine inpatient services, PCMs did not function as part of the inpatient medical team. Instead, they centrally covered these services and made therapy recommendations based on a comprehensive review of each study patient's medical case. The inpatient physicians may have been reluctant to accept recommendations from a pharmacist working outside of the medical team without previously established trust and rapport. However, the PCMs were frequently in the hospital, visiting study patients usually every one to two days. Data were collected by reviewing medical records and from selfreport. Events may have been missed if they were not documented in the records reviewed or the patient did not report them during follow-up telephone calls. Another limitation is that the community physicians did not know the PCMs personally and may have been reluctant to accept recommendations in the care plans. Based on the recent experience of one of the study investigators in a private hospital working with private physicians, physicians' staff often screen information such as faxes to minimize workload. It might be possible that many of the care plans were not seen by the physician. Even so, a 50% acceptance rate has been observed in other studies in which recommendations were faxed to physicians. 17, 18 Finally, we used specific guidelines from the United States for each condition. Guidelines from other countries and other organizations may recommend different therapies than the guidelines we used.
We felt that health-system pharmacists should be made aware of these findings before the completion of the ICOC study in order to plan interventions that may be more likely to improve care and reduce suboptimal therapy. Such approaches will be critical in order to minimize rehospitalizations, which will financially penalize hospitals.
The Pharmacy Forecast 2013-2017 surveyed 150 panel members, and several questions they addressed have direct relevance to suboptimal use of medications. 11 Seventy-two percent of respondents believed that it was very likely or somewhat likely that health-system pharmacists will interact with health professionals outside the hospital to ensure continuity of care, and 62% believed that inpatients would be managed by pharmacists who would initiate and modify drug therapy.
Condition
Similar interventions should be structured with consideration given to the many challenges and limitations faced by physicians in tertiary care. Perhaps recommendations for long-term drug therapy should be made to the community physician. However, this intervention will need to be structured so that more-intense recommendations and follow-through can be achieved to minimize underutilized medications. Communication to the community physicians should come from a PCM who is easily identified as a member of the team of providers caring for the patient during the hospitalization. The type of communication needs to be structured so that the urgency of the recommendation is clear and addressed by the physician.
Future studies and health-system reorganization should identify efficient strategies to improve the longterm care of hospitalized patients with chronic diseases after discharge. These interventions should include the development of a care structure. The role of pharmacists in hospital settings and to improve continuity of care with community providers should be addressed to reduce the cases of underutilization of important medications.
Conclusion
Enhanced interventions by PCMs had no effect on the underutilization of key cardiovascular drugs during hospitalization or after hospital discharge.
